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Abstract

Background: Lactic acid bacteria (LAB) are among the most common probiotics and play a significant role in promoting

health within the human intestinal microbiota. Their protective functions in the intestine include producing antimicrobial

compounds, regulating the balance of the intestinal microbiome, and more.

Objectives: This study aims to investigate the antimicrobial effects of bacteriocin extracted from Lactobacillus plantarum (L.

plantarum) on Escherichia coli (E. coli) strains that cause treatment-resistant urinary tract infections (UTIs) in humans and

mastitis in livestock.

Methods: Twenty E. coli isolates were obtained from patients with UTIs and cows with mastitis. After culturing the samples on

Eosin-methylene blue, McConkey agar, and blood agar, the strains were identified using biochemical tests. Bacteriocin produced

by L. plantarum ATCC8014 was extracted, and its concentration was measured using the Bradford method. The antimicrobial

effect of the bacteriocin was assessed using the broth microdilution method to determine the minimum inhibitory

concentration (MIC) and minimum bactericidal concentration (MBC). Additionally, the bacteriocin's antimicrobial activity was

evaluated through three repetitions of disk diffusion and agar well diffusion methods.

Results: The findings revealed that the MIC and MBC concentrations for all human and animal strains were 13.38 μg/mL and

26.76 μg/mL, respectively. Notably, two animal samples (No. 3 and No. 10) and one human sample (No. 6) showed lower MIC and

MBC concentrations compared to the other samples and the standard E. coli sample. However, all strains were resistant to

bacteriocin in the disk diffusion and agar well diffusion methods.

Conclusions: The data indicate a high risk of increasing treatment-resistant E. coli strains in UTIs and livestock, which could

pose a significant threat to public and animal health. Therefore, it is essential to further investigate the effects of different

bacteriocins on these resistant strains, in conjunction with antibiotic therapies.
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1. Background

Lactic acid bacteria (LAB), or lactobacilli, are gram-

positive, catalase-negative anaerobes, typically rod-

shaped or non-sporulating cocci (1). These bacteria
produce lactic acid, the primary byproduct of

carbohydrate fermentation, along with several growth
inhibitors such as bacteriocins, bacteriocin-like

inhibitory substances (BLISs), hydrogen peroxide,

diacetyl, and carbon dioxide. This group includes genera
such as Streptococcus, Leuconostoc, Pediococcus, and

Lactobacillus. Fermenting types generate lactic acid from

environmental sugars (2), while non-fermenting types
produce acetic acid, ethanol, carbon dioxide, and

smaller amounts of other compounds in addition to
lactic acid.
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Lactobacillus  plantarum (L. plantarum), one of the

most well-known species of Lactobacillus, is found in

various ecological niches, such as vegetables, fermented
foods, and healthy human intestinal mucosa (3).

Lactobacillus plantarum is widely used in the food and
pharmaceutical industries as a starter culture or

probiotic due to its significant health benefits. It has

been shown to promote health in several ways,
including managing fecal flora composition and

preventing and treating irritable bowel syndrome (IBS),
inflammatory bowel disease (IBD), cancer, coronary

heart disease, and certain gastrointestinal symptoms.

These attributes reinforce L. plantarum's potential to

improve human health (4).

One of the key features of L. plantarum is its ability to

produce bacteriocin, an antimicrobial compound that

inhibits the growth of pathogenic microorganisms (1).

Bacteriocins from L. plantarum disrupt bacterial

membranes, causing leakage of cellular contents and

interfering with protein synthesis and nucleic acid

replication, making them effective against multidrug-

resistant pathogens that resist conventional antibiotics

(5). Additionally, their high specific activity against such

pathogens makes bacteriocins advantageous for

therapeutic applications. Thus, the use of bacteriocins,

bacteriocin-producing probiotics, or both, presents a

novel approach for treating several diseases, including

intestinal infections (6).

The Enterobacteriaceae family consists of gram-

negative bacilli and facultatively anaerobic organisms,

typically measuring 0.5 - 2 micrometers in diameter and
2 - 4 micrometers in length. The family is divided into

opportunistic and pathogenic intestinal bacteria (7).

Intestinal pathogens include Salmonella, Shigella, and

Yersinia, while opportunistic pathogens encompass

other genera. Among these, Escherichia  coli (E. coli), a

common commensal intestinal bacterium, can cause

both gastrointestinal and extra-gastrointestinal

infections. As a member of the Enterobacteriaceae family,

E. coli is a gram-negative, non-sporing, rod-shaped,

facultatively anaerobic, coliform bacterium (8, 9).

Escherichia coli is found in various environments,
including the digestive systems of humans and warm-

blooded animals, where it is a part of the gut
microbiota. It is a leading cause of both gastrointestinal

and extraintestinal diseases in animals and humans

(10). Urinary tract infections (UTIs) are the most
common bacterial infections in humans, caused by

various pathogens, including gram-negative bacteria
like E. coli (11-13). Uropathogenic E. coli is responsible for

about 75% of uncomplicated UTIs (13).

Moreover, E. coli is a major cause of bovine mastitis,

leading to subclinical and clinical mastitis, which are

characterized by systemic changes, abnormal milk
appearance, and udder inflammation (14, 15). The

susceptibility of cows to mastitis caused by E. coli varies
based on factors such as the cow's age, stage of lactation,

and delivery. The pathogenicity of E. coli in a cow's udder

results from the interaction between its virulence
factors and the host's defenses (14, 16).

2. Objectives

This study aimed to investigate the antimicrobial

effects of microbial polypeptides (bacteriocins)

extracted from L. plantarum on E. coli strains that cause

treatment-resistant UTIs in humans and mastitis in

livestock.

3. Methods

3.1. Collection and Separation of Samples

In this study, 20 E. coli samples were collected from

both human and animal sources (10 from humans and

10 from animals) based on specific clinical criteria.

Human samples were collected from patients diagnosed

with bacterial infections, while animal samples were

obtained from livestock showing signs of infection,

ensuring the clinical relevance of the samples. A

random selection process was employed to minimize

selection bias. The collected samples were sent to the

laboratory at Atieh Salamat Alborz. The bacterial

samples were cultured on Eosin-methylene blue,

MacConkey agar, and blood agar and incubated at 37°C

for 24 hours. Isolated colonies were subjected to Gram

staining. Biochemical tests, including indole production

and motility in SIM (Merck KGaA, Darmstadt, Germany)

medium, lactose fermentation, carbon dioxide gas

production in TSI (Merck KGaA) medium, as well as the

Methyl Red and Voges–Proskauer (Merck KGaA) tests,

were performed to confirm the identification of E. coli.

3.2. Extraction of Microbial Polypeptide (Bacteriocin)

Lactobacillus plantarum ATCC8014, provided by Atiyeh

Salamat Alborz Company, was inoculated in MRS broth

(Quelab, Canada) and incubated at 37°C in a shaker

incubator for 24 hours, until reaching a turbidity

equivalent to 1 McFarland standard (approximately 3 ×

108 CFU/mL at 600 nm wavelength). The bacterial

suspension was centrifuged at 4°C at 7000 rpm for 20
minutes, and the supernatant was filtered using a 0.2-

micron filter (Shimi Teb Kala, Iran). The filtered
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bacteriocin extract was transferred to a sterile Falcon

tube and stored at 0 - 4°C.

To ensure bacteriocin stability, 50 µL of a 1 mmol

solution of phenylmethylsulfonyl fluoride (PMSF)

(Tamadkala, Iran) was added to 1 mL of bacteriocin

extract to inhibit protease activity. The solution was

then transferred to an Amicon Ultra Centrifugal Filter (3

kDa) (Tehran Zist Protein Pajooh) and centrifuged at 4°C

at 4000 rpm for three consecutive intervals of 10, 30,

and 60 minutes. The concentrated bacteriocin was

stored in sterile microtubes at 0 - 4°C. Protein

concentration was measured using the Bradford

method, followed by antimicrobial testing using

minimum inhibitory concentration (MIC), minimum

bactericidal concentration (MBC), disk diffusion, and

agar well diffusion methods.

3.3. Quantification of Protein Concentration by the Bradford
Method

The Bradford reagent was prepared by dissolving 10

mg of Coomassie Brilliant Blue (Tamadkala Company) in

5 mL of 95% ethanol. Then, 10 mL of 85%

orthophosphoric acid (Tamadkala Company) was added,

and the volume of the solution was brought up to 100

mL with distilled water. The resulting solution was

filtered using Whatman filter paper No. 1 (Talaye Teb

Azma, Iran) to remove any suspended particles and

stored in a dark container in the refrigerator. The

Bradford method was employed to generate a standard

protein curve. Bovine serum albumin (Tamadkala, Iran)

was used to prepare protein standards at different

concentrations (at least three standards ranging from

20 to 200 μg/mL). Glass or polystyrene cuvettes were

utilized, and the optical absorbance of each tube was

measured against a blank using a spectrophotometer

(Rayleigh, China) at a wavelength of 595 nm. The

standard curve was then plotted using Excel and

GraphPad software (17).

3.4. Determining the Minimum Inhibitory Concentration and
the Minimum Bactericidal Concentration

To evaluate the effect of the bacteriocin extracted

from Lactobacillus plantarum on human and animal E.

coli isolates using the broth microdilution method,

sterile 96-well microplates (Shimi Teb Kala, Iran) were

used. First, fresh streak cultures (18 - 24 hours) of E. coli
isolates were grown on Mueller-Hinton Agar (Merck

KGaA). A bacterial suspension was prepared by

transferring a portion of the fresh bacterial colony with

a sterile loop into sterile normal saline, adjusting the

turbidity to match 0.5 McFarland (1 x 108 CFU/mL). This

suspension was then diluted 1:20 to reach a

concentration of 5 × 10⁶ CFU/mL.

Next, 100 µL of BHI broth (Merck KGaA) was

dispensed into each well of the microplate. Then, 100 µL

of the prepared bacteriocin was added to the first well,

with initial experiments indicating that bacteriocin at

200 µg/mL demonstrated significant inhibitory activity

in this well. Serial dilutions were performed across the

wells to determine the MICs and MBCs. A 100 µL aliquot

of the prepared E. coli bacterial suspension, adjusted to a

final concentration of 106 CFU/mL, was added to all wells

except the negative and positive control wells. The
negative control well contained 100 µL of BHI broth,

while the positive control well contained 100 µL of BHI
broth and 100 µL of the bacterial suspension. Non-

bacteriocin-negative controls were included to confirm

that spontaneous bacterial inhibition did not occur, and
gentamicin-positive controls ensured favorable assay

conditions.

To eliminate contamination concerns, a blank test

using sterile distilled water was also performed. To

reduce errors, each test was repeated three times. The

reference E. coli strain ATCC35218 was used for further

validation. The microplates were incubated for 24 hours

at 37°C. After incubation, bacterial growth was assessed

by comparing the wells with control wells using an

ELISA reader (Parsian Tebzaman, PYTHON) at a

wavelength of 600 nm. Growth was indicated by an

increase in optical density (OD), whereas inhibition was

indicated by minimal or no change in OD. The MIC was

determined as the lowest concentration of bacteriocin

that prevented an increase in OD.

To determine the MBC, 100 µL was taken from one

well before and one after the MIC well and transferred

onto BHI agar plates, which were then incubated to

check for bacterial growth. The methods were adapted

from those described by Haghighatafshar et al. in their

study on the effect of bacteriocin isolated from

Lactobacillus rhamnosus on Pseudomonas  aeruginosa

lipopolysaccharides (18).

3.5. Disc Diffusion Method

To prepare the discs containing the extracted

bacteriocin, 10 microliters of the polypeptide were

added to blank discs. The discs were then stored in a

sterile and dry environment in sterile vials to maintain

their antimicrobial properties. For the bacterial

suspension preparation, a portion of the fresh bacterial

colony (18 - 24 hours) was dissolved in sterile

physiological serum using a sterile loop, achieving a

turbidity equivalent to 0.5 McFarland (1 × 108 CFU/mL).
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The suspension prepared from all 20 E. coli isolates was

then cultured on Mueller-Hinton agar medium.

Using sterile laboratory forceps, the bacteriocin-

containing discs were placed on the agar medium. The

plates were subsequently incubated for 24 hours at 37°C.

To minimize error, the test was repeated three times.

After incubation, the diameter of the inhibition zone

around each disc (non-growth halo) was measured. For

comparison, a commercial gentamicin disc (Padtan

Teb©, Iran) was also placed on the plate, and the

standard strain E. coli ATCC35218 was tested under

identical conditions.

3.6. Agar Well Diffusion Method

A bacterial suspension with a concentration

equivalent to 0.5 McFarland was prepared from each of

the 20 tested E. coli isolates and the standard strain E.
coli ATCC35218. The suspension was applied to the

surface of Lawn culture plates. Under sterile conditions,

wells with a diameter of 6 mm were created on the

Mueller-Hinton agar medium. Then, 10 microliters of

extracted bacteriocin were carefully added to each well.

After allowing the polypeptide to be completely

absorbed (approximately one hour), the plates were

transferred to an incubator. After 24 hours of incubation

at 37°C, the diameter of the non-growth halos (zones of

inhibition) was measured and recorded.

The disc diffusion method was employed to

qualitatively assess the inhibition zones produced by

the bacteriocin, demonstrating its antimicrobial

activity. In contrast, the agar well diffusion method

allowed for a more quantitative assessment by

determining the concentration of bacteriocin required

to inhibit bacterial growth. The combination of these

methods provided a comprehensive evaluation of the

bacteriocin’s efficacy, with disc diffusion yielding

general efficacy results and agar well diffusion offering

insights into the specific concentrations needed for

bacterial inhibition.

4. Results

In this study, 20 E. coli isolates (10 from individuals

with urinary infections and 10 from cows with mastitis)

were obtained from the bacterial collection of the

Atiyeh Alborz Company laboratory. To ensure accuracy,

the strains were verified using the biochemical and

confirmation tests described in this research.

4.1. Results of the Bradford Test and Standard Curve

Lactobacillus plantarum bacteriocin was extracted

using a Falcon tube containing an Amicon 3KD filter. Its

concentration was determined using the Bradford

method, yielding a concentration of 26.76 μg/mL. The

culture results are displayed in Figure 1. Additionally, the

standard curve of this protein was plotted (Figure 2).

4.2. The Results of Minimum Inhibitory Concentration and
Minimum Bactericidal Concentration

The results of the MIC and MBC tests on human and

animal E. coli strains, as well as the standard E. coli strain

ATCC35218, after exposure to bacteriocin, were

determined both visually and using an ELISA device. The

data revealed that the growth of these isolates was

inhibited at a bacteriocin concentration of 13.38 μg/mL.

The MBC for these strains was found to be 26.76 μg/mL.

Interestingly, only one human strain (sample 6) and two

animal strains (samples 3 and 10) exhibited different

MIC (6.69 μg/mL) and MBC (13.38 μg/mL) values

compared to other E. coli strains and the standard strain.

The ELISA plot provides a clear depiction of the MIC and

MBC values for the animal E. coli isolates after exposure

to bacteriocin extracted from L. plantarum (Table 1).

4.3. Bacteriocin Evaluation Resulsuppts by Disc Diffusion
Method

The results demonstrated that all human and animal

strains, including the standard E. coli strain ATCC35218,

were resistant to the bacteriocin extracted from L.
plantarum ATCC8014. The extracted polypeptide was

unable to inhibit or destroy the target strains.

Additionally, no growth inhibition halo was observed

around the gentamicin disc, further indicating the high

resistance of the strains to both bacteriocin and
gentamicin treatments. The disc diffusion results of

bacteriocin and gentamicin on E. coli ATCC35218 are

illustrated in Figure 3.

4.4. Bacteriocin Evaluation Results by Agar Well Diffusion
Method

The results of this study revealed that all human and

animal E. coli strains, including the standard strain E.

coli ATCC35218, were resistant to bacteriocin at a

concentration of 26.76 μg/mL. The findings suggest that

the bacteriocin extracted in this research did not exhibit

strong antimicrobial activity against the studied strains,

with all strains demonstrating resistance. Both the disc

diffusion and agar well diffusion methods indicated no

antimicrobial activity, likely due to E. coli’s protective

lipopolysaccharide layer and potential resistance

mechanisms, which could hinder the bacteriocin's

ability to penetrate and exert its effects.

5. Discussion
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Figure 1. Results of tests conducted. A, culture in EMB medium; B, Gram culture; C, TSI; D, simon citrate; E, indole; and F, methyl red.

Figure 2. The standard curve of L. plantarum bacteriocin.

Recently, bacteriocin, a natural antimicrobial

peptide, has been widely studied as a potential

alternative to chemical preservatives. Bacteriocin-

producing strains can also be used as probiotics (19, 20).

Bacteriocins can serve as food additives and be applied

in the treatment of pathogen-related diseases and

cancer. Infectious diseases caused by pathogenic strains

of gram-positive bacteria such as Staphylococcus,

https://brieflands.com/articles/jmb-153862
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Table 1. ELISA Plot Showing the Minimum Inhibitory Concentration and Minimum Bactericidal Concentration Values of Animal Escherichia coli Isolates After Exposure to
Bacteriocin Extracted from Lactobacillus plantarum

Row Sample Code Source MIC (µg/mL) MBC (µg/mL)

1 1402/p-19-11 Animal 13.38 26.76

2 1402/p-19-12 Animal 13.38 26.76

3 1402/p-19-13 Animal 6.69 13.38

4 1402/p-19-14 Animal 13.38 26.76

5 1402/p-19-15 Animal 13.38 26.76

6 1402/p-19-16 Animal 13.38 26.76

7 1402/p-19-17 Animal 13.38 26.76

8 1402/p-19-18 Animal 13.38 26.76

9 1402/p-19-19 Animal 13.38 26.76

10 1402/p-19-20 Animal 6.69 13.38

- E. coli ATCC35218 Standard strain 13.38 26.76

Abbreviations: MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration.

Figure 3. The disc diffusion results of bacteriocin and gentamicin on Escherichia coli ATCC35218

Micrococcus, and Streptococcus can be prevented with

bacteriocins. Additionally, many gram-negative bacteria,

including E. coli, Salmonella, Shigella, Listeria, and Vibrio,

have been tested to explore the antagonistic activity of

newly isolated antimicrobial peptides (1). Notably,

bacteriocins can inhibit or kill phylogenetically related

or unrelated microorganisms but do not have an

antimicrobial effect on the bacteriocin-producing

strains themselves.
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It has been suggested that the resistance of E. coli

strains to gentamicin results from the acquisition of

specific resistance genes that encode aminoglycoside-

modifying enzymes. In research conducted by Keikha

and Rava in 2016, the antibiotic resistance of E. coli
strains isolated from patients with urinary infections

was investigated. Among the 78 E. coli samples isolated,

13.7% were resistant to gentamicin (21), which differs

from the findings of the present study regarding the

resistance percentage. In the current research, the disc

and well diffusion methods showed that no growth halo

was formed around the gentamicin disc, and all strains

(100%) were resistant to gentamicin, indicating a high

level of resistance in the studied strains.

In 2023, Wang et al. extracted a new bacteriocin from

L. plantarum and investigated its biological properties.

Their analysis of the metabolite, named plantaricin w3-

2, showed that it possesses broad antimicrobial

potential and good pH stability (22). Similarly, in a study

conducted by Li et al. in 2023, a new bacteriocin

produced by L. plantarum FB-2 was purified, and its

antimicrobial mechanism against Staphylococcus aureus
was explored. Their results demonstrated that this

bacteriocin had strong antimicrobial activity,

functioning by disrupting the bacterial cell membrane

structure, increasing cell permeability, promoting

cytoplasmic content leakage, and raising intracellular

reactive oxygen species levels (23). However, the current

research revealed that the bacteriocin extracted from L.
plantarum ATCC8014 did not display broad

antimicrobial activity against the tested E. coli strains,

which highlights a contradiction between the findings

of this study and previous research.

Hassan et al.'s study in 2020 aimed to identify

bacteriocins extracted (using the organic solvent

extraction method) from twelve Lactobacillus species

found in yogurt and evaluate their bactericidal effects

on foodborne bacteria. Bacteriocins produced by

Lactobacillus helveticus and L. plantarum demonstrated

the most antimicrobial activity, particularly against S.
aureus and Acinetobacter baumannii. Both bacteriocins

were active in acidic pH, with L. plantarum bacteriocin

showing heat stability, unlike L. helveticus bacteriocin.

Proteolytic enzyme treatments confirmed the protein

nature of both bacteriocins. The findings suggest that

L.  helveticus bacteriocin may be more effective against

food pathogens than L. plantarum bacteriocin (1). In

contrast to Hassan et al.'s findings, the results of our

study showed that the microbial polypeptide extracted

from L. plantarum ATCC8014 did not exhibit broad

antimicrobial properties against the tested E. coli strains

(1).

Similarly, Zangeneh et al.'s 2020 study aimed to

isolate and partially characterize bacteriocin produced

by L.  plantarum species from traditional sourdough.

After partial purification, the bacteriocin was tested

under harsh conditions, and its antibacterial activity

against Listeria  monocytogenes was evaluated as an

indicator. Their results demonstrated that the

bacteriocin exhibited primarily bacteriostatic activity,

significantly inhibiting the growth of pathogens such as

S. aureus, E. coli, and Listeria monocytogenes (24).

An analysis of past and current research reveals

contradictions in findings, which may stem from

various factors, including climatic and geographical

differences, as well as the presence of different serotypes

causing infections in varying populations. The

differences in sample separation and identification

methods may also play a role. However, the pathogenic

factors in E. coli strains responsible for urinary

infections, as well as the excessive and long-term use of

antibiotics, particularly in livestock farms, likely

contribute to the severity and spread of infections,

making treatment and disease control more

challenging.

5.1. Conclusions

Despite testing several E. coli strains with bacteriocin

produced by L. plantarum ATCC8014, no antimicrobial

effects were observed. The growing concern over

antibiotic resistance, along with resistance to

bacteriocin and gentamicin in these strains,

underscores the urgent need for alternative treatment

approaches. Combating drug-resistant E. coli may

require other antimicrobial agents or combinations of

treatments. Further detailed research is needed to

explore their potential effectiveness.
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